Abstract-This paper presents a modelfor determining the first and video with resolution of up to 640x480 pixels. The operating second order statistics of the lifetime of a battery-operated node. system is Stargate version 7.3 which is an embedded Linux This model assumes knowledge of the statistics of duration and system (kernel 2.4.19).
I. INTRODUCTION
image acquisition) may be changed in order to reduce the average energy consumption. It should be clear that external
Wireless networks of cameras have received a good deal factors (e.g., the rate at which moving objects are detected in of attention recently for applications such as wide area the monitored area) play an important role in the energy surveillance and environment monitoring [1] . The video consumed by a reactive system. Although these factors nodes in this type of networks are battery-operated, which cannot typically be well modeled a priori, their statistics can demands careful strategies of energy management. Indeed, be measured online by the system, and adaptive strategies can video nodes typically have relatively high power be put in place.
consumption, due to tasks such as image acquisition, image processing/compression, and data transmission. The control II. MODELS AND MEASUREMENTS policy of a video node thus has a critical role in the average energy drawn from the battery and ultimately in the lifetime Our approach to modeling the energy consumed by a of the node itself.
video node is based on the definition of a set of Mtasks S. At Typical control policies are based on reactive duty each point in time, the node is assumed to be performing only cycles. For example, the node may take and process images at one such task. The elementary tasks for Meerkats are regular periods of time. If an image contains interesting or described in [4] ; they include processes such as acquiring and suspicious elements (e.g. an intruder in a controlled space), processing an image, transmitting a certain amount of data, then the image, a portion thereof, or simply an alarm message remaining in 'sleep' mode for a certain period of time, as well may be transmitted to the base station. A video node may also as transition tasks such as activating or deactivating the receive alert messages from another node, in which case it webcam and putting the CPU in 'sleep' mode. A duty cycle is may temporarily modify the parameters of its own duty cycle. defined as a sequence of elementary tasks, with branching For example, in order to track a moving intruder, nodes points controlled by external events (the presence of a target detecting the intruder may send alert messages to the nodes in an image or an alert message from another node). In the that are most likely to see the intruder next [4] , which in turn context of this paper, a 'task' is any maximal sequence of may start taking images at a higher rate.
elementary tasks in a duty cycle that does not include a A similar policy is adopted by our testbed wireless camera branching point. Note that, whereas an elementary task as network, "Meerkats". Each Meerkats node is based on the defined in [4] typically does not repeat itself twice in a row, Crossbow's Stargate platform, which has an XScale PXA255 'tasks' as defined here may indeed be repeated consecutively. CPU (400 MHz) with 32MB flash memory and 64MB Each task S is characterized by two random variables SDRAM. PCMCIA and Compact Flash connectors are (r.v.)': the energy e(S) consumed by the task, and the available on the main board. The Stargate also has a daughter duration t(S) of the task. Note that this approach is rather board with Ethernet, USB and serial connectors. We equipped each Stargate with an Orinoco Gold 802.1 lb PCMCIA wireless card and a Logitech QuickCam Pro 4000
We denote r.v. by lower case letters and constant values by upper case letters. We denote probability density functions (pdf) with the lower case webcam connected via USB. The QuickCam can capture letterp, and mass distributions with the upper case letter P.
different from the one taken by [2] . The latter models the B. Online Measurements system behavior as a Markov chain of states with fixed duration and consumption. The problem with the formalism The online measurement of the marginal probabilities of of [2] . is that the duration and consumption of a task (defined task occurrences can be performed directly by the system as a maximal sequence of identical states) are forced to while operating. For the measurement of the remaining behave as geometric random variables. This is a critical charge in the battery we rely on a DS2438 chip, which is limitation of this model, which makes it unsuitable to available on the main board of the Stargate. Two kernel represent the distributions of energy and duration observed in modules ('onewire' and 'batmon') provide access to the practice.
battery monitor chip and retrieve information about the The goal of the offline measurement phase [4, 5, 6 ] is battery's current state. The DS2438 measures the voltage precisely to characterize the statistical properties of e(S) and across the Stargate's power source and the current flowing t(S). The latter may be monitored by an onboard sensor, as in the case of the Meerkats testbed. Knowledge of the remaining ACKNOWLEDGMENTS lifetime is very important in order to devise an online control strategy assuringmthat specific requirements aredmet. This work was supported by NASA under contract Although rather versatile, this model is based on a number NNAO4CK89A. of rather simplistic assumptions, some of which are briefly discussed below.
* The probability distribution of task occurrence is typically not known a priori but rather should be inferred by a suitable online mechanism.
* The assumption of normal distribution of duration and consumption for a given task is often not tenable. In many cases, we observed "heavy tail" distributions with a non-negligible amount of outliers.
* The lifetime of a node is not determined solely by the about of charge that it draws. As noted in [3] , more complex models of the battery (that take into account, for example, the discharge rate) need to be used for a more realistic modeling.
